© 2 0 1 6 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W ABSTRACT Context: Urinary tract infection (UTI) is one of the most common infectious diseases encountered in clinical practice. Emerging resistance of the uropathogens to the antimicrobial agents due to biofilm formation is a matter of concern while treating symptomatic UTI. However, studies comparing different methods for detection of biofilm by uropathogens are scarce. Aims: To compare four different methods for detection of biofilm formation by uropathogens. Settings and Design: Prospective observational study conducted in a tertiary care hospital. Materials and Methods: Totally 300 isolates from urinary samples were analyzed for biofilm formation by four methods, that is, tissue culture plate (TCP) method, tube method (TM), Congo Red Agar (CRA) method and modified CRA (MCRA) method. Statistical Analysis: Chi-square test was applied when two or more set of variables were compared. P < 0.05 considered as statistically significant. Considering TCP to be a gold standard method for our study we calculated other statistical parameters. Results: The rate of biofilm detection was 45.6%, 39.3% and 11% each by TCP, TM, CRA and MCRA methods, respectively. The difference between TCP and only CRA/MCRA was significant, but not that between TCP and TM. There was no difference in the rate of biofilm detection between CRA and MCRA in other isolates, but MCRA is superior to CRA for detection of the staphylococcal biofilm formation. Conclusions: TCP method is the ideal method for detection of bacterial biofilm formation by uropathogens. MCRA method is superior only to CRA for detection of staphylococcal biofilm formation.
INTRODUCTION
Now-a-days, urinary tract infection (UTI) is one of the most common infectious diseases encountered in clinical practice, and antimicrobial resistance is a serious concern in treatment of symptomatic UTI. [1] Bacteria attach to surface aggregate in a hydrated polymeric matrix of their own synthesis to form biofilms. [2] Biofilm forming bacteria are more resistant to antimicrobial agents leading to the limited effectiveness of current antibiotic therapies. Hence, detection of biofilm production by uropathogens is important, and it can help in initiating appropriate intervention in cases of symtomatic UTI.
There are various methods described in current literature to detect biofilm production like tissue culture plate (TCP), tube method (TM), Congo Red Agar method (CRA), modified CRA method (MCRA), bioluminescent assay, piezoelectric sensors, and fluorescent microscopic examination. [3] However, not all of these methods can be used in routine clinical laboratories and studies comparing different methods to detect biofilm formation in urinary samples are scarce. The primary objective of this study was to compare four methods (i.e., TCP, TM, CRA, and MCRA), which can be used in a routine clinical laboratory to detect biofilm formation by uropathogens.
MATERIALS AND METHODS
The current study was conducted in the tertiary care institution over a period of 1-year. The urine samples received in the laboratory during this period were examined initially by standard conventional microbiological techniques. A total of 300 isolates (100 Escherichia coli, 50 Klebsiella spp., 50 Pseudomonas spp., 30 Staphyloccocus spp., 20 Proteus spp.,
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This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms. 20 Enterobacter spp., 15 Citrobacter spp., 10 Acinetobacter spp., and 5 enterococcus spp.) obtained from those samples were analyzed further for biofilm production by four methods (described below) that is, TCP, TM, CRA and MCRA. Biofilm production by each of the four described methods was graded as high, moderate, and weak. For all practical purpose high and moderate biofilm production by each method was considered positive and weak/ no biofilm production by each method was considered negative.
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Tissue culture plate method
Isolates from fresh agar plates were inoculated in brain heart infusion (BHI) broth with 2% sucrose and incubated for 18-24 h at 37°C in a stationary condition. The broth with visible turbidity was diluted to 1 in 100 with fresh medium. Individual wells of flat bottom polystyrene plates were filled with 0.2 ml of the diluted cultures, and only broth served as a control to check sterility and nonspecific binding of the medium. These plates were incubated for 24 h at 37°C. After incubation, the content of the well was gently removed and then were washed 4 times with 0.2 ml of phosphate buffer saline (PBS pH 7.2) to remove free-floating "planktonic" bacteria. Biofilms formed by adherent "sessile" organisms in plate were fixed with sodium acetate (2%) for half an hour and stained with crystal violet (0.1% w/v) for half an hour. Excess stain was rinsed off by thorough washing with deionized water and plates were kept for drying. Adherent bacterial cells usually formed a biofilm on all side wells and were uniformly stained with crystal violet. Optical densities (OD) of stained adherent bacteria were determined with a micro Enzyme-Linked Immunosorbent Assay auto reader at wavelength of 570 nm (OD 570 nm) and were graded as per Christensen et al. [Table 1 ]. These OD values were considered as an index of bacteria adhering to the surface and forming biofilms. The experiment was performed in triplicate. [4] Tube method BHI broth with 2% sucrose (10 ml) was inoculated with loopful of microorganism from overnight culture plates and incubated for 24 h at 37°C. The tubes were then decanted and washed with PBS (pH 7.3) and dried. Dried tubes were then stained with crystal violet (0.1%) for half an hour. Excess stain was removed, tubes were then dried and observed for biofilm formation. Biofilm formation was considered positive when a visible film lined the wall and bottom of the tube. Tubes were examined, and the amount of biofilm formation was scored as absent, moderate or strong. The experiment was performed in triplicate. [5] Congo Red Agar method This requires the use of a specially prepared solid medium BHI broth supplemented with 5% sucrose and Congo red. The CRA plate was inoculated with the microorganism from an overnight culture plate and incubated at 37°C for 24-48 h. Positive result was indicated by black colonies with a dry crystalline consistency. The experiment was performed in triplicate. [6] Modified Congo Red Agar method In the MCRA the CRA is modified in the form of changing the concentration of Congo red dye and sucrose, omission of glucose, replacement of BHI Agar by an alternative agar, that is, Blood Base Agar. The MCRA plate was inoculated with organisms from a fresh plate with overnight growth, and then it was incubated for 48 h at 37°C and subsequently 2-4 days at room temperature. Positive result was indicated by black colonies with a dry crystalline consistency. The experiment was performed in triplicate. [7] The statistical analysis was performed using SPSS software version 16.0. Data were presented as percentages and proportions. The Chi-square test was applied when two or more set of variables were compared. The critical value of P indicating the probability of significant difference was taken as <0.05. Based on the available literature, we considered TCP to be gold standard method of biofilm detection amongst the four mentioned methods for our study and calculated the other statistical parameters accordingly.
RESULTS
Out of the 300 isolates TCP method detected biofilm production in 137/300 (45.6%) cases. The rate of biofilm detection by TM (39.3%) was not significantly different from that by TCP (P = 0.14). However, in CRA and MCRA the rate of detection was 11% each which is significantly lower than that in TCP (P = 0.0001). Except for staphylococcus aureus we could not find any difference in the rate of biofilm detection between CRA and MCRA. However, MCRA detected biofilm production in 38.4% of staphylococcus isolates as compared to 23% by CRA. TCP method detected more strong (11%) and moderate (34.7%) biofilm producers when compared to other methods [ Table 2 ]. TM was 81% sensitive, 95.1% specific, with positive and negative predictive value, and accuracy of 93.3%, 85.6% and 88.7% respectively as compared to CRA and MCRA methods [ Table 3 ]. 
DISCUSSION
In our study, we studied urinary samples exclusively and compared four methods of biofilm detection that can be used in routine clinical laboratories. There are very few similar studies available in the current literature. We evaluated 300 urinary isolates by four methods (that can be used in routine clinical laboratories) for their ability to form biofilms. Out of the 300 isolates, the TCP method detected biofilm in 137 isolates (45.6%), TM detected biofilm in 118 isolates (39.3%), CRA and MCRA detected biofilm in 33 isolates (11%). The TCP was found to be most sensitive followed by the TM, CRA and the MCRA method.
In their study on 110 isolates Hassan et al., [3] reported that the TCP method detected biofilm in 70 isolates (63.6%), TM in 54 (49%) and CRA in 11 (10%) isolates. In another study by Mathur et al., [8] out of the total 152 isolates tested for biofilm formation, 47.3%, 41.4% and 5.2% isolates were biofilm producers as detected by TCP, TM and CRA respectively. Baqai et al., [9] reported biofilm production in 75% of the isolates as detected by TM while with CRA detected it only in 10% isolates. Murugan et al., [10] in their study found 81 out of 96 (84.3%) isolates of E. coli formed biofilm as detected by TM while only 33 out of 96 (34.3%) produced biofilm when CRA method was used for detection. Knobloch et al., [11] in their study found that out of 128 isolates of S. aureus, CRA detected only 3.8% of isolates as compared to TCP (57.1%) as biofilm producers. They have not recommended the CRA method for biofilm detection.
Comparison of the grading of the biofilm detected by different methods in various studies is shown in Table 4 . Our study results correlated well with those study results. All the studies suggested that the though TM correlated well with the TCP method for strong biofilm detection, it was difficult to discriminate moderate and weak/none biofilm production by TM. This difference could be attributed to subjective observer's assessment used in TM as compared to the more accurate objective assessment in TCP. In all the studies, it was found that the CRA could not differentiate between strong, moderate, and weak biofilm producers. We also found CRA and MCRA not useful for detection biofilm by uropathogens. There was no difference between CRA and MCRA in terms of rate of biofilm detection except in cases of staphylococcal biofilm where MCRA is a better method than CRA for the same.
CONCLUSION
TCP method is the ideal method for detection of bacterial biofilm formation by uropathogens. MCRA method is superior to CRA and not to TCP or TM for detection of the staphylococcal biofilm formation.
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